The expression of the PIM-1 gene, which is a proto-oncogene that encodes a serine/threonine kinase, is associated with multiple cellular functions such as proliferation, differentiation, apoptosis and tumorigenesis. In particular, several studies have reported that the PIM-1 gene is associated with the development of lymphoma, leukemia and prostate cancer. Therefore, this study was conducted to evaluate the association between the single nucleotide polymorphisms in the PIM-1 gene and the risk of lung cancer occurrence in the Korean population.
INTRODUCTION
There have been numerous previous researches and reports about proto-oncogenes, tumor suppressor genes and their roles in the development of cancer. PIM-1 gene is a proto-oncogene that encodes a serine/threonine kinase, which belongs to the group of calcium/calmodulin-regulated kinases, and this PIM-1 kinase controls such cellular functions as proliferation, differentiation, apoptosis and tumorigenesis through various signaling pathways. It has been verified that the PIM-1 gene is related with several human cancers, including lymphoma, leukemia and prostate cancer (1) (2) (3) . However, the relationship between the PIM-1 gene and lung cancer has not yet been reported.
It is well known that various signaling pathways are related with the development of lung cancer. Several tyrosine kinase inhibitors and serine/threonine kinase inhibitors that block serine/threonine signaling pathways have been introduced as anti-neoplastic agents against lung cancer (4, 5) . Therefore, we attempted to characterize the association between the polymorphisms of the PIM-1 gene that encodes serine/threonin kinase and the risk of developing lung cancer in a Korean population by using genotype and haplotype analysis.
Lung cancer has been the leading cause of cancer-related deaths in Korea, and its incidence continues to rise (6) . Nevertheless, the prognosis of lung cancer has remained poor despite the innovations in diagnostic testing and surgical technique, and the development of new chemotherapeutic agents (7) . The poor outcomes of lung cancer may partly be due to the heterogeneity of lung cancer histobiology (8) because different histological subtypes have distinctive etiologies and different responses to anticancer therapy, and these subtypes should be treated differently. Moreover, the recently introduced targeted agents show different responses according to the histologic subtype (5) , and the efficiency of the treatment modalities for lung cancer depends on the time of diagnosis. Thus, there is a great need for rapid and efficient methods to detect lung cancer at an early stage. For developing improved molecular biomarkers for early detection and to predict the response to chemotherapy, it is important to identify the genetic alterations that are specific to each subtype of lung cancer.
Single nucleotide polymorphisms (SNPs) are the most abundant form of genetic variation in the human genome, and these occur when a single nucleotide in the genome sequence is altered (9) . Theoretically, the numbers of SNPs in human population have been estimated to be about 5 million SNPs for minor allele frequencies of at least 10%, and possibly as many as 11 million for minor allele frequencies of at least 1% (10) . SNPs have an excellent potential to be used as biomarkers for diagnosing genetic diseases, including cancers, as compared to other less common polymorphisms and microsatellite markers. This study was conducted to examine the PIM-1 polymorphisms and their relation with the risk of lung cancer in a Korean population. To the best of our best knowledge, this is the first study to determine an association of the PIM-1 polymorphisms with lung cancer in Korean lung cancer patients.
MATERIALS AND METHODS

1) The study subjects
Between August 2001 and June 2007, blood samples were collected from 818 subjects, and these included 408 lung cancer patients and 410 normal controls without cancer. The lung cancer patients were recruited from the patient pool at the Genomic Research Center for Lung and Breast/Ovarian Cancer and the Inha University Medical Center, and the control subjects were randomly selected from a pool of healthy volunteers who had visited the Cardiovascular Genome Center, the Genomic Research Center for Allergy and Respiratory Diseases and Keimyung University Dongsan Medical Center. Detailed information on the subjects' diet, their smoking status, drinking status, lifestyle and medical history were collected by trained interviewers with using a structured questionnaire. Out of the 408 cases, 397 smoking statuses, 311 drinking statuses, 313 stages and 385 cell types were available for the characteristic information, while 309 smoking statuses and 211 drinking statuses for the 410 controls were available for the characteristic information. All the study subjects provided written consent and they were all ethnic Koreans, and all the participating Institutional Review Boards approved the study protocol.
2) Preparation of genomic DNA and direct sequencing
Genomic DNA was prepared from peripheral blood samples with using a Puregene blood DNA kit (Gentra, Minneapolis, MN) and following the manufacture's protocol. For identification of the frequent polymorphism sites in the PIM-1 gene in the Korean population, human genomic DNA was isolated for direct sequencing from the whole blood of 24 samples. We amplified the entire PIM-1 gene at 6p21, and PCR amplifications were performed on a PTC-225 Peltier Thermal cycler (MJ Research Inc., Waltham, MA) with using AmpliTagGold (Roche, Branchburg, NJ); there were 35 cycles of 30 s at 95 o C, 1 min at 64 o C and 1 min at 72 o C, followed by a single 10 min extension step at 72 o C. The PCR products were purified using a Montage PCR96 Cleanup kit (Millipore, Bedfore, MA) and they were eluted with 20μl of nuclease free H2O. DNA cycle sequencing was carried out using a BigDye Terminator V 3.1 Cycle Sequencing kit (PerkinElmer, Foster City, CA). Multiscreen SEQ 384 well filter plates were used for dye terminator removal, and the sequences were analyzed on an Applied Biosystems 3,700 DNA analyzer. All the SNPs and sequence alignments were analyzed with using Polyphred.
3) Genotyping
After direct sequencing of the PIM-1 gene, we performed genotyping for the SNPs with a frequency greater than 5%. The genotypes of the sample were assayed using a single base primer extension assay and using a SNaPShot assay kit (ABI, Foster City, CA). Briefly, the genomic regions containing the SNPs of interest in the PIM-1 gene were amplified by PCR. PCRs were performed using an initial denaturation step at 95 
4) Statistical analysis
The allele frequencies and genotype frequencies and the departures of the genotype distributions from Hardy-Weinberg equilibrium for each SNP were analyzed using the chi-square test or Fisher's exact test. A p-value of ＜0.05 was considered statistically significant. Linkage disequilibrium (LD) was tested on pairwise combinations of SNPs with using the absolute value of the standardized measure of linkage disequilibrium, D', as calculated by the Haploview program version 3.2 (11) . The haplotypes and their frequencies were estimated by the Haploview program version 3.2. The genotype-specific risks were estimated as odds ratios (ORs) with associated 95% confidence intervals by unconditional logistic regression (SAS Institute, Cary, NC) and these were adjusted for age, gender and the smoking status.
RESULTS
A total of 818 patients were enrolled in the study. Table 1 shows the characteristics of the study subjects. The baseline characteristics were similar between the case group and control group; however, there were significant differences in the smoking status between groups. By direct sequencing of the PIM-1 gene, we discovered 15 polymorphisms among the 24 samples from lung cancer patients. We focused on 4 SNPs in the PIM-1 gene ( 1196 T＞C, IVS4 ＋55 T＞C, IVS4 ＋1416 T＞A and ＋3684 C＞A), which showed more than 5% minor allele frequencies of 0.072, 0.285, 0.139 and 0.139, respectively. Fig.  1 shows the structure of the PIM-1 gene and the linkage disequilibrium. The genotype frequencies of these SNPs in the patients and controls were in Hardy-Weinberg equilibrium.
The associations between the risk of lung cancer in Koreans and the polymorphisms of the PIM-1 gene and the haplotypes were analyzed. The genotype distributions for the cancer and control groups and the estimated associations with the lung cancer risk, as stratified by gender and the smoking status, are shown in Table 2 . No significant difference was found in the distributions of the genotypes for all the tested polymorphisms between the overall lung cancer cases and the controls. However, the subsequent haplotype analysis revealed that the T-C-T-C haplotype was associated with susceptibility to the risk of lung cancer (aOR: 3.98; 95% CI: 1.24∼12.75, p-value: 0.020), according to the multiple logistic regression analysis ( Table 3 ). The T-C-T-C haplotype was more significantly associated with the increased risk for lung cancer in males 
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DISCUSSION
In this study on 818 Korean lung cancer patients and controls, we found that four single nucleotide polymorphisms ( 1196 T＞C, IVS4 ＋55 T＞C, IVS4 ＋1416 T＞A and ＋3684 C＞ A) in the PIM-1 gene were not significantly associated with an increased risk for lung cancer. However, the haplotype analysis showed that the T-C-T-C haplotype was significantly associated with an increased risk for lung cancer, and especially in males (aOR: 5.67; 95% CI: 1.32∼24.30, p-value: 0.019) and smokers (aOR: 7.82; 95% CI: 1.75∼34.98, p-value: 0.007). Although smoking itself plays a critical role in the development of lung cancer (12) , only a fraction of smokers develop lung cancer. The reason for this discrepancy in the smoking population has not been clearly delineated. Nevertheless, it is highly possible that smoking plays an additional role to the genetic alterations in lung cancer patients. Although there has been no direct evidence to show that smoking induces DNA methylation, several studies have suggested that DNA hypermethylation is associated with exposure to cigarette smoking (13, 14) . The studies on RASSF1A, which is a tumor suppression gene, indicated that the loss of heterozygosity and epigenetic inactivation of the RASSF1A promoter lead to downregulation of gene expression, and this subsequently increases the risk of lung cancer (15) . This suggests that the genetic constitution of individuals is of importance in determining the susceptibility of individuals to lung cancer (16) . In our previous study on the RASSF1A promoter, similar results were also obtained for the smoking status (17) . In the present study, we obtained further evidence to indicate that polymorphisms of the PIM-1 proto-oncogene increased the susceptibility of lung carcinogenesis due to smoking. However, an additional functional study of PIM-1 kinase is needed regarding this subject.
Since the PIM-1 gene was first recognized 20 years ago as a proviral insertion site of the Moloney murine leukemia virus (MoMuLV), many serial studies have established the PIM-1 gene as a proto-oncogene and an important player in the process of malignant transformation (18, 19) . The overexpression and mutation of PIM-1 kinase have been reported in various tumors of animal models, as well as in human tumors (18, 19) . The PIM family is composed of three highly homologous genes, PIM-1, PIM-2 and PIM-3, and they are well conserved in vertebrates and they show high degrees of sequence and structural similarities (20) . In animal models, PIM-1 protein kinases have been shown to enhance the development of lymphoma, acute leukemia and prostate cancer (21) . PIM-2 overexpression is associated with chronic lymphocytic leukemia and non-Hodgkin's lymphoma (22) , whereas PIM-3 shows an aberrant expression in hepatocellular carcinoma (23) . In humans, the protein levels of PIM-1 have been shown to be elevated in lymphomas, leukemias and prostate cancer (1-3) . Especially, the PIM-1 gene has the potential to be a diagnostic and prognostic marker for prostate cancer because microarray analysis (RT-PCR or immunohistochemical analysis) has revealed that the PIM-1 gene was differentially expressed between benign prostatic hyperplasia and prostate cancer (3) .
The tumor suppressor genes and proto-oncogenes of lung cancer have been extensively studied, and this has revealed new information about their polymorphisms and hypermethylation (17, 24, 25) . However, there has been no study on the role of the PIM-1 gene in the development of lung cancer. To the best of our knowledge, this study is the first to address this issue. In the present study, we report on 4 SNPs of the PIM-1 gene, and these SNPs were found for the first time in a Korean population. The polymorphism of 1196 T＞C was the novel SNP, and the polymorphism of IVS4 ＋55 T＞C was already known, but the frequencies of these SNPs have not been reported in the world's medical literature. The other 2 SNPs had not been reported in the Korean population. The observed frequencies of the minor alleles of IVS4 ＋1416 T＞A and ＋3684 C＞A in our study were 0.139 and 0.139, respectively. In the dbSNP database (www.ncbi.nlm.nih.gov/SNP), the Asian ethnic group's frequency of the minor allele of IVS4 ＋1416 T＞A had been reported to be 0.628 (Han Chinese) and 0.489 (Japanese), but the frequency of the minor allele of ＋3684 C＞ A has not been previously reported for an Asian ethnic group. The limitation of this study was the small size of the ( / ) haplotype pair group in the ht2 T-C-T-C haplotype, and this small size could lead to random error. However, we thought the results had significance because the above results were adjusted according to multiple variables and the results were derived from a relatively large-sized sample group.
CONCLUSION
This is the first study to identify the association between the PIM-1 gene polymorphisms and the risk of lung cancer. In this study, we found that the T-C-T-C haplotype of the PIM-1 gene ( 1196 T＞C, IVS4 ＋55 T＞C, IVS4 ＋1416 T＞A and ＋3684 C＞A) could influence the risk of developing smokingrelated lung cancer in the Korean population. Additional functional studies with larger sized study populations are needed in the future to reconfirm our findings.
